Abstract -As one of the postgrowth band gap engineering technique, proton implantation induced quantum well intermixing has been used to tune the wavelength of two different optoelectonic devices, the quantum well laser and quantum well infrared photodetector.
A. Introduction
To monolithically integrate optoelectronic devices, for example, lasers, detectors, amplifiers, modulators and waveguides, precise tailoring of the optical properties such as band gap energy, absorption coefficient, and refractive index is required. One of the postgrowth band gap engineering techniques [1] [2] [3] [4] [5] , ion implantation induced quantum well intermixing (QWI) has' been found to be a very useful method to achieve this due to its ability to selectively fine tune the band gap in different regions within the same epitaxial layer structure, through the interdiffusion between quantum well and adjacent barrier material. In this work, th(: proton implantation induced QWI has been applied to tune the wavelength of two types of GaAs-based optoelectronic devices, the quantum well laser and the quantum well infrared photodetector (QWIP) [6] in which the active regions are composed of quantum wells.
B. Experimental
The laser structure was a standard graded-index separate-confinement-heterostructure (GRINSCH) laser grown by metalorganic chemical vapour deposition (MOCVD). The active region consisted ofa 7 nm IrlO.2Gao.8AS QW sandwiched by 12 nm Alo.2Gao.8As barriers. 220 keY protons with the dose of lxl015 cm·2 were used in order to place the peak of the displacement profile near the active region and rapid thermal annealing (RTA) at 900°C for 60 s was performed. The QWIP structure used in this work was n-type bound-to-continuum (BC) QWIP grown by molecular beam epitaxy (MBE) on (100 ) semi-insulating GaAs substrate. It contained 50 QWs sandwiched by 2 �m top and 1.3 �m bottom n+ GaAs contact layers grown on 0.5 �m AlAs layer. Each QW consisted of nominally 4.5 nm Si-doped (�1018 cm-3) GaAs with 50 nrn undoped Alo.�Gao.7As barriers. In order to obtain a homogeneous intermixing all over the 50 QWs region, the proton energy of 0.9 MeV was chosen such that the peak of the displacement profile 0-7803-6698-0/00/$10.00 ©2000 IEEE was located in the substrate and a relatively uniform defect distribution across the multiple QW was obtained. Subsequent annealing at 900DC and 950DC for 60 s and 30 s was performed to initiate the intermixing in the laser and QWlP structures, respectively. Then, both devices were fabricated by standard photolithography, wet chemical etching and metalization. .
C. Results
. The lasers were processed into 4 /.-lm ridge-waveguide devices. Figure I shows the lasing spectra measured under the pulsed conditions with 2 /.-lS pulses of 5% duty cycle at I.5Ith at room temperature for three different lasers, the as-grown, the ann ealed, the proton implanted and annealed lasers. Compared with the as-grown and annealed lasers, up to 49.3 run and 18.8 nm wavelength shifts, respectively, have been achieved for the proton implanted laser. Thus, the 18.8
nm difference between the two annealed devices was only due to the effect of implantation induced intermixing. The wavelength shift caused by the thermal annealing was even larger (30.5 nm). It is attributed to the non-optimized annealing and implantation conditions.
-; $, Reciprocal Cavity Length (cml ) Fig.2 The threshold current density versus reciprocal cavity length for the as-grown lasers and implanted lasers.
. From Fig. 2 , it can be seen that there is a slight increase of the threshold current density for the implanted lasers, which may be due to the nonradiative recombination centres created by implantation. However, no degradation of the external quantum efficiency has been observed, as shown in Fig. 3 , indicating that the other main device characteristics, such as the internal quantum efficiency and internal loss have still been retained. Furthermore, all these parameters were tested under CW conditions without any coating or heat sinking which also indicated the good quality of the implanted lasers. For the QWIP devices, which were fabricated into the size of 250x250 11m 2 with 6 11m grating for nonnal incidence operation, Fig. 4 shows the consistent redshift of the spectral response of QWIP from 6.8 !-lm for the un-implanted reference sample to 7, 7.3, 7.6, and 8.6 11m for samples implanted with the doses of 1, 2, 3, and 4xl0 16 cm-2 , respectively. Since after intermixing, the energy level of the ground state was elevated, the probability for the electrons to be excited out of the QW s by thermionic emission or thermally assisted tunnelling was increased.
Therefore, increase of dark current with the implantation doses became inevitable, as shown in It is demonstrated that the ion implantation induced intennixing is a powerful technique in tuning the wavelength of optoelectronic devices, with the potential to integrate various devices of different functionality onto a single chip.
